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Just the place for a Snark! I have said it 
twice:
That alone should encourage the crew.
Just the place for a Snark! I have said it
thrice:
What I tell you three times is true.
—Lewis Carroll, 
The Hunting of the Snark
The origin of life and the existence ofextraterrestrial life are among themost important scientiﬁc puzzles of
our time. Humans have embarked on a
great quest, the discovery of extraterres-
trial life: We are seeking the Snark. The
work of characterizing celestial bodies
within our solar system and beyond con-
tributes toward solving the puzzle, and
future astronomical observations of exo-
planets are also essential. However, in
promoting those eﬀorts or the choice of
targets, excessive emphasis on habitabil-
ity is bad science policy: It presumes a
greater understanding of the concept than
we currently possess, and it may fail to
recognize the extraordinary diversity of
planetary environments.
Unlike the original Sanskrit deﬁnition
of “mantra” as a sacred text or passage,
today’s common Western deﬁnition, ac-
cording to the Oxford English Dictionary,
is “a constantly or monotonously repeated
phrase or sentence.” In planetary science
and in many venues where exoplanets
are discussed, that is an apt description
of how “habitability” is used. The word
ﬁgures prominently in the NASA plan-
ning documents that justify choices of 
future missions and observations. It mo-
tivates the endless drumbeat of reports
about water on Mars. It drives the news-
papers’ front-page stories about the most
recent discovery of a planet in or near the
habitable zone of its parent star and con-
sidered suitable because it is “Earth-like.”
We assume that Earth-like is a virtue.
The problem lies in our anthropocentric
perspective.
As Charles Cockell discussed (PHYSICS
TODAY, March 2017, page 42), we believe
that the rules and processes governing
life are universal. However, we have
only one known expression of that uni-
versality so far. We have a remarkably
successful theory, ﬁrmly grounded in ob-
servations and molecular biology, of the
evolution of life on Earth. Even so, the
desirable conditions for initiating life are
not understood beyond the obvious
need for disequilibrium—that is, avail-
able free energy. Geobiology and the
study of early Earth guide our thinking
on evolutionary process and environ-
mental conditions, but their applicability
to the rest of the universe is not clear.
There are no generally accepted guide-
lines for the time scales, volumes, or sur-
faces that are needed to start life.1 The de-
lineation of that ignorance is shown in
the ﬁgure. 
We don’t know how the origin of life
scales. Does the probability of occurrence
double if we double the suitable volume,
or the surface area, or time, or . . . ? Is it
instead like nucleation theory, in which
certain critical conditions must be satis-
ﬁed? Homogeneous nucleation theory—
which describes, for example, the forma-
tion of a snowﬂake in a supercooled cloud
of water vapor—predicts that the change
in state is primarily determined by the
degree of supercooling and is insensitive
to the volume or time scale.
The richness of the periodic table is
universal; all relevant elements exist
everywhere to a greater or lesser degree,
though not necessarily in the phase, abun-
dance, combination, or oxidation state that
we have deemed necessary based on ter-
restrial experience. Inferring constraints
based on the particular pathways that
were in play on Earth is a danger to our
quest elsewhere. The huge amount of 
literature on the habitability question
should never imply that we have a deep
understanding of it.
Arguably, our search does not require
a precise understanding of what we seek.
THE NUMBER OF ATOMS AVAILABLE and the time they have to interact are two of the
many variables relevant to the origin of life. Life is not so easily initiated that it readily
leaves a signature in meteorites coming from parent bodies exposed to water for millions
of years. Hence the suggested but highly uncertain boundary between life and nonlife.
This figure is intended to demonstrate our ignorance, not to assert understanding.
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When James Cook sailed the Paciﬁc, part
of his quest was for something that does
not exist—the Great Southern Continent,
thought to be needed to keep Earth from
tipping over. But Cook did ﬁnd lots of in-
teresting stuﬀ anyway. For example, he
found that the language of the Maori in
New Zealand is similar to that of the
Easter Islanders, nearly 7000 kilometers
away. He also made magnetic ﬁeld mea -
surements that were subsequently of great
importance in establishing how Earth’s
magnetic ﬁeld changes over time. The key,
then, is to make sure that science policy
permits discovery for the sake of discov-
ery and not just for ﬁnding Earth-like
planets, which we have prejudged to be
of greatest interest. 
The most important things found in
planetary exploration were the surprises,
not the unimaginative preconceptions
that sold the missions. When resources
are limited—in the case of the persis -
tently future James Webb Space Telescope,
for example—will the choices of mis-
sions have suﬃcient ﬂexibility that we
will ﬁnd what we are not looking for?
For a scientiﬁcally healthy enterprise,
what is needed most is ﬂexibility of
thinking. The instrumentation is often
capable of ﬁnding what we are not look-
ing for, but the right instrumentation is
not enough. The exoplanets we found
ﬁrst were the pulsar planets, followed by
the hot Jupiters; neither were expected.
We could have found the second kind
sooner if we had been more open-
minded about their possible existence.
Will we make similar errors with extra-
terrestrial life?
The so-called habitable zone is per-
haps the most distressing example of lim-
ited imagination. Certainly, all planets are
hot inside, and all planets except those
too close to their star can contain regions
that permit liquid water, which is usually
thought to be desirable for life. Most of
the liquid water in our solar system re-
sides in the Jupiter system and beyond,
far outside what’s been put forward as
the Sun’s habitable zone. All the major
planets—Jupiter, Saturn, Uranus, and
Neptune—have liquid water in the form
of droplets in extensive clouds. Plausibly,
the hypothesized Planet Nine has liquid
water as well. Europa and Enceladus
have oceans beneath relatively thin, icy
shells. Many other bodies have oceans
beneath surface ice: Ganymede, Callisto,
and Titan; possibly Mimas, Triton, and
Pluto; and perhaps once Ceres. The list is
probably incomplete. 
Much closer to home, Mars receives
much attention precisely because it is
somewhat Earth-like. Discovering evi-
dence of past or present life on Mars
would be a huge event in the history of
humankind, but it might also strengthen
our prejudices about habitability. Even
with Mars, one has to wonder whether
we are looking in the right places. 
The thousands of exoplanets discov-
ered by the Kepler mission already con-
tain hints to challenge our prejudices. So-
called super-Earths are common, but most
are unlikely to have suitable surface con-
ditions for life. More-distant, superﬁcially
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colder planets of roughly Earth mass can
retain a hydrogen atmospheric blanket
that allows for liquid water; they could
even be interstellar planets.2
The habitable zone, as usually deﬁned,
does have one obvious advantage in our
exoplanetary observations. Earth-mass
planets in that Goldilocks zone may have
atmospheres suﬃciently thin that they
allow observation of the surface or at least
yield clues as to what is below. Earth has
a naked ocean, potentially observable from
afar. It also has ample usable energy, in
the form of sunlight, although one should
never confuse supply with suﬃciency—
we do not know the minimum needed. 
Let us be clear in our thinking: Do we
choose to obsess over the habitable zone
by the same reasoning that a drunkard
looks for his car keys under the street
lamp—because that is the only place he
can see? Or is our thinking so anthro-
pocentric that Earth-like planets matter
most and are what the public will sup-
port with tax dollars? We cannot be sure
that they are the most abundant habita-
tions. And they are not necessarily easier
to observe. When visiting a city far from
home, do you immediately seek out the
restaurant that provides the food most
like what you usually eat? Do we know
the right place to ﬁnd a Snark?
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Charles Day’s editorial “Physics andhuman rights” (PHYSICS TODAY, March2018, page 8) raises an important ques-
tion of whether we should limit collabora-
tion with scientists from countries that vi-
olate their citizens’ human rights. My own
experience of living in the Soviet Union
supports the editor’s viewpoint that col-
laboration is almost always virtuous. 
In the 1970s and early 1980s, Soviet
researchers were rarely allowed to travel
to international conferences abroad—
even when that travel was fully paid for
by the event organizers. We were often
not allowed to submit papers for publi-
cation in international journals. I myself
was summoned by the KGB and threat-
ened with jail time for sending my math-
ematical papers abroad. Even access to
international journals held in Soviet li-
braries was often limited. For example,
several issues of the Notices of the Ameri-
can Mathematical Society were not avail-
able to us without special KGB permis-
sion, because in addition to mathematics
they also discussed violations of scien-
tists’ human rights worldwide. Those is-
sues never made it to the mailboxes of in-
dividual subscribers like me, and the ones
delivered to the libraries were placed in
special restricted-access sections. 
After I complained to the American
Mathematical Society (AMS) about miss-
ing issues, it started sending them to me
by registered mail with return receipt, so
I was probably the only person in the So-
viet Union—and deﬁnitely the only one
in St Petersburg—who received those for-
bidden issues. Of course, I gladly shared
them with my colleagues. 
Although the forbidden issues in-
cluded pieces about how the Soviet Union
often violated the human rights of scien-
tists, the proposed responses to punish
the leadership shocked many of us in the
Soviet science community. Several AMS
contributing writers suggested decreas-
ing international collaboration, in partic-
ular expelling all Soviet scientists from
the AMS and ceasing to send us their pub-
lications. So on the one hand, the KGB
was stealing some of our publications,
and on the other hand, our own col-
leagues were now proposing, in eﬀect,
further oppression by depriving us of the
publications altogether. 
Human rights and international 
collaboration 
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